Introduction
A large number of studies have reported a relationship between perceived job stress, as defined by the Karasek Demand-Control model, and the incidence of coronary heart disease (CHD) [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . To explain this relationship several potential mediating coronary risk factors have been proposed, for example blood pressure [11] [12] [13] [14] [15] [16] . In addition to the documented relationship between fibrinogen levels and psychosocial variables [17] [18] [19] [20] , authors now suggest that fibrinogen could also be an explanatory factor in the pathogenic pathway linking job stress to CHD [21] [22] [23] [24] [25] [26] [27] [28] . Moreover a significant independent association has been consistently observed between fibrinogen levels and the incidence of CHD [29] [30] [31] [32] [33] [34] [35] [36] . Arguments for the influence of job related stress on fibrinogen levels already exists, but the heterogeneity in the observations makes further research on this subject necessary. Indeed, if a positive association between job stress, or one of its components, and plasma fibrinogen is described by some authors [21] [22] [23] [24] [25] [26] [27] [28] , other studies do not support these findings or even observe an inverse relationship [37] [38] . Reasons for this inconsistency are probably partly explained through differences in the study populations and partly through differences in the methodology of assessing the different job stress dimensions.
A recent publication by Tsutsumi [24] concerning middle aged working men and women reports a positive association between 'inferred' job strain but not between 'self reported' job strain, and fibrinogen in both sexes, whereas in women higher fibrinogen levels are related to self reported low control. The present study investigates the association between plasma fibrinogen and self reported psychological job demands, job control, social support at work and job strain, according to the Karasek model [39, 40] , in middle aged men and women, taking into account a large number of possible confounders. The particularity of the present study is not only the large sample size, but also the diversity of the 24 Belgian industries involved in this study.
Material and methods

Study population
Objectives, design and methodology of the Belstress study have extensively been described elsewhere [41] . The study population concerns 16 335 males and 5084 females, aged 35 to 59 years and working in 24 companies from different sectors in Belgium.
The subjects all voluntarily participated in the Belstress study, the average participation rate being 55%. The Belstress study is a prospective cohort study, which started in December 1994. The aim of the study is to asses the relationship between stress at work and sick leave in working men and women (1 year follow-up) and between stress at work and CHD in working men (5 years follow-up). Initial data collection, which included a self-administered questionnaire and a medical screening, was terminated in July 1998. Pregnant females (13 subjects) were excluded from the analyses.
Baseline survey
A self-administered standardized questionnaire was distributed to the participants before attending the medical examination at their work site. In the majority of companies the screening as well as the verification of the questionnaire was done by trained paramedics. In some companies, however, their own medical or paramedical staff did the screening. The sealed questionnaire was sent, for confidentiality reasons, to the Research centres. For a complete description of the study variables, one should refer to the Belstress study design publication [41] . The questionnaire consisted of socio-demographic variables, personal and family medical history, health behaviours and among them dietary habits, objective as well as subjective work conditions and different psychological scales. Based on the responses obtained from the questionnaires, level of education was classified according to the highest grade completed (elementary, secondary, higher education).
During the screening visit body height and weight was measured, subjects were wearing light clothing. Body mass index (weight in kg divided by squared height in m) was divided into five categories (from BMI less than 20 kg . m 2 in the first category to BMI > =40 in the last category, with an increase of 5 kg . m 2 per intermediate category). An ECG recording at rest followed a registration of the heart rate and two independent registrations of the arterial blood pressure in the sitting position. A non-fasting blood sample collection took place at the end of the clinical examination, or during a second visit. Total serum cholesterol and HDLcholesterol were assayed enzymatically with a Technicon Autoanalyser. The WHO Lipid Reference Centre did external quality control. Citrated plasma samples were prepared from the participants and frozen at 70 C. Total serum cholesterol was divided into three categories and classified as (a) <200 mg . dl 1 , (b) 200-249 mg . dl 1 and (c) > =250 mg . dl 1 . HDLcholesterol was divided in tertiles. Diabetes was classified as yes or no, according to the answer to the question 'Did a physician ever tell you that your blood-sugar was too high?' Hypertension was defined by a systolic blood pressure of > =160 mmHg and/or a diastolic blood pressure of 95 mmHg and/or antihypertensive treatment.
Fibrinogen concentrations were measured by the Chronometric Clauss method [43] (KC10 -Amelung, Thrombine Reagent US , Owren's veronal bufferDade ). Two parallel measurements were made per sample. The method was regularly calibrated by International Standard 89/644 [44] . Fibrinogen concentration was obtained by converting clotting times using the following average calibration curves regression line: fibrinogen concentration= 10
The error of the method, expressed as the coefficient of variation for control plasma (Ci-trol Level I , Dade), was 3%.
As no consensual cutting-point for risk could be found in the literature, fibrinogen was split up in two categories by the median as was done e.g. in the SHEEP study [24] . Smoking behaviour (cigarette smoking only) was classified in four categories as current-, occasional-, exand non-smoking. Physical activity during leisure time was classified in four categories, with one representing a sedentary activity and four representing regular intense physical activity.
The amounts of drinks was converted into grams of alcohol per week and categorized as (a) non or occasional consumption, (b) consumption of 210 g . week 1 or less, (c) consumption of more than 210 g and less or equal to 420 g . week 1 (d) more than 420 g . week 1 . Work conditions were based on the Job Content Questionnaire, consisting of 26 closed questions, developed by Karasek [39, 40] . This model contains three dimensions: psychological job demands, job control or decision latitude and social support at the worksite [42] . All three scales were divided into quartiles before analyses, where the quartiles were obtained separately for males and females. The job strain variable was treated in its four components. Karasek's model defines job strain as the situation where high psychological demands exist in combination with low job control, fixing the cut-off point between high and low for both scales at the median. The other categories are respectively the 'no strain', the 'actives' and the 'passives', for low demand/ high control, high demand/high control and low demand/low control.
Statistical analyses
All analyses were stratified by gender and statistical tests were performed on log-transformed fibrinogen values. After comparison of age-adjusted means for plasma fibrinogen, exploratory analyses were performed in order to define the threshold for high fibrinogen. A dichotomization was done at the median level and odd ratios were calculated for the different categories of job conditions. The first quartile was taken as a reference for psychological job demands, job control and social support at work; odd ratios for high fibrinogen were calculated for the other quartiles. For job strain, the category where the lowest fibrinogen values were observed in (the 'actives' or the least at risk) was taken as a reference.The associations between fibrinogen concentration and the three different psychosocial scales as well as between fibrinogen and the job strain categories were tested in three separate models, each time adjusted for three blocks of covariates: age and educational level in the first block, behavioural covariates (smoking, physical activity, alcohol consumption) in the second block and biological covariates in the third block (body mass index, total cholesterol, HDL-cholesterol, hypertension, diabetes). Menopause and contraceptives were not included, because their inclusion did not modify results, while the accuracy of data collection for these two variables was guaranteed.
The same multivariate analyses were then performed for educational level stratified samples of males and females, because of the specific relationship found in various studies between social class and fibrinogen [17, 20] . A level of Pc0·05 was required for statistical significance in all analyses. Statistical analyses were done by mean of SPSS 7.0 for Windows.
Results
Since mean fibrinogen levels are significantly higher in females than in males (age adjusted means: 313 mg . dl 1 in males and 330 mg . dl 1 in females) all analyses were performed separately by gender. We notice in both the male and female population a highly significant positive association between mean plasma fibrinogen and age, BMI, serum cholesterol, hypertension, smoking and diabetes. An inverse association is observed with educational level, HDL-cholesterol, physical activity and alcohol consumption (J-shaped association). In females mean plasma fibrinogen is significantly higher among oral contraceptive users and is higher, though not statistically significant, among subjects after menopause.
Age-adjusted mean plasma fibrinogen concentrations by psychological job demands, job control, social support and job strain and results of stepwise logistic regression of fibrinogen by the same job stress variables are presented in Tables 1 (males) and 2 (females). We observe significant lower mean fibrinogen levels in the highest quartiles of job control for males only, as well as higher fibrinogen values in the high strain group. No association is observed between plasma-fibrinogen and psychological job demands or social support at work.
By means of multivariate logistic regression analyses, a significant inverse association between job control (between fourth and first quartile) and plasma fibrinogen is to be observed in males (model 1), but this inverse association between job control and fibrinogen disappears after adjustment for all covariates (models 2 and 3). Male subjects under 'high strain' (high demands/low control) show an increased risk of being in the high fibrinogen category (above the median) compared to the 'actives' (=high demand/high control group). This holds true for the comparison high strain/low strain (all other three categories together). After stratification for educational level, the association between job strain and fibrinogen remains statistically significant for the lowest as well as for the highest educational level in males.
In males, after stratification, psychological job demands as well as strain, defined in two ways as high vs active (as reference category) or high vs low (as reference category), remain significantly associated with fibrinogen in the lowest educational class. For females the same positive association with strain (both definitions) is found only at the middle-educated level (Table 3) .
Discussion
A 55% participation rate is low compared to other large-scale cross-sectional epidemiological studies, which makes the generalization of our findings to the whole Belgian labour-force quite hazardous. Moreover a differential selection bias according to level of education or gender cannot be excluded and could explain part of the observed gender difference in the relationship of job-strain with fibrinogen when stratifying by level of education. However, the large sample size of the investigated working population allows for a fairly exhaustive exploration of the association of fibrinogen with many possible determinants, the main objective of this paper.
Bioclinical and behavioural variables
In this cross-sectional analysis of the Belstress study, we confirmed previously described relationships between
The Belstress study 1843 plasma fibrinogen and other cardiovascular risk factors. The higher fibrinogen values in women than in men [24, 26, 27] , the positive association with age [24, 26, 35] , obesity [19, [24] [25] [26] , smoking status [17] [18] [19] 24, 29, 35] , serum cholesterol [27, 28] , hypertension [24] and diabetes [26] has been documented for both sexes, as has been the positive association of fibrinogen with the use of oral contraceptives in females [24] . Also the inverse relationship of plasma fibrinogen with physical activity [19, 24, 25, 36] , HDLcholesterol [25] and alcohol consumption [24, 26, 45] is confirmed by the literature. Menopause was not associated with fibrinogen in our study, contrary to earlier observations [24, 26] .
Psychosocial variables
Concerning the level of education, we observe an inverse relationship with fibrinogen in both sexes. This corresponds to the results from the following studies: ARIC [26] , CARDIA [27] , and London Civil Servants [18] as well as a study of male Japanese employees [20] . Similarly, other studies reported negative associations between fibrinogen and social class [17] [18] [19] 28] .
Job control
Job control was significantly and inversely related to fibrinogen in men, when adjusted for age and educational level, but not after adjustment for all other covariates. A possible explanation for these findings could be the correlation between job control and some of these covariates. For example, in our sample we observed a significant higher percentage of smokers in the lowest quartile of job control. This observation is supported by Brunner et al. [18] who reported an inverse relationship between objectively measured (through external assessment) job control and fibrinogen in both sexes after adjustment for age and ethnic origin, but who observed self-rated control over work (subjective measurement) to be still inversely associated with fibrinogen in men, whereas in women a positive association was observed. Tsutsumi et al. [24] however, described in a general population of males and females aged 45-70 years, an inverse association between selfreported control and fibrinogen in women. No other associations were statistically significant for selfreported scales. Inferred job stress scales, obtained by linking the subject's occupational history to a job organization exposure matrix, however, appeared be stronger 'predictors' of fibrinogen.
Job strain
A positive association was observed between job strain and fibrinogen in males and females, in the latter only after stratification by educational level. In our study all psychosocial scales were assessed by a self-administered questionnaire, which reflects self-perceived work conditions. Although we cannot rule out that these findings between gender reflect a difference in sample size, the possibility of a difference in perception of the psychosocial environment, as proposed by Brunner should also be considered [18] . Their work-conditions perception could be influenced by their other roles outside work. Hall [46] observed that women experience more stress at home than men. Markowe et al. [17] found among 73 male civil servants that job stress was significantly related to fibrinogen concentration and substantially contributed to the differences found in fibrinogen concentration between different occupational grades. In a sample of 51-year old men Mö ller and Kristensen [36] did not observe any association between job strain and fibrinogen, whereas Tsutsumi et al. observed a convincing association in both sexes between inferred job strain and fibrinogen [24] . The inconsistency between the findings of Tsutsumi et al. [24] in the SHEEP study with those from Brunner et al. [18] in the Whitehall study are partly explained by the authors through differences in questionnaires, study populations and working conditions, especially with regard to the situation of female workers.
Job demands and social support
The absence of an association between fibrinogen and psychological job demands or social support at work is The Belstress study 1845 in line with the literature. Tsutsumi et al. [24] observed a positive association between psychological job demands and fibrinogen, by using the 'inferred' demand scale. As we noticed for the job control dimension, inferred and self-perceived job stress scales, though related, are not completely comparable.
Pathophysiological explanation
During the two last decades substantial evidence has been accumulated suggesting that fibrinogen represents a powerful predictor for myocardial infarction, independent of classical CV risk factors [30] [31] [32] [33] [34] . The pathophysiological mechanism through which fibrinogen might promote thrombosis and atherosclerosis is still under debate. Fibrinogen has a cofactor role in thrombus formation; it binds to activated platelet via platelet fibrinogen binding receptors favouring platelet aggregation [47] . There is also growing biological evidence that fibrinogen, through its conversion into fibrin and fibrinogen degradation products, plays an important role in focal proliferation of intimal smooth muscle cells; a key event in the development of stenosing fibrous atherosclerotic lesions [47, 48] . Another proposed mechanism is that high plasma fibrinogen levels result in impaired plasminogen binding to fibrin gel, and thus the suppression of fibrinolysis [49] . Very recently, Vrijkotte et al. [50] who studied by means of a longitudinal design the association of job stress -defined as 'overcommitment' according to Siegrist's model -with fibrinogen. They observed impaired fibrinolytic activity reflected by decreased tissue-type plasminogen activator activity and increased type 1 plasminogen activator inhibitor antigen levels, after adjustment for all relevant covariates, in subjects characterized by 'overcommitment in their job'. The authors suggest that a possible explanation for this association could be found through an effect of chronic stress on insulin resistance.
Comparison of job dimensions for predictability of CHD
Several prospective studies using Karasek' job strain model have shown higher cardiovascular risk of mortality in jobs characterized by high demands and low control [7] [8] [9] [10] 12] . However Marmot and Theorell [51] suggested that high demands were less important predictors of mortality than low control. This was confirmed by Bosma et al. [1] who reported that in both sexes, subjects with low control (assessed on two occasions, 3 years apart) had an odds ratio for any subsequent coronary event (most of them called 'soft-events') of 1·93 compared to those with high job control, while job demands and social support were unrelated to these events. The same authors found that -in both sexes -the largest contribution to the socio-economic gradient in CHD frequency was from low control at work [2] . Other authors have found death from coronary heart disease to be correlated with indices of social network [52] .
Conclusion
Considering that both high fibrinogen levels and stressful work conditions influence CHD, and by relating these findings to our results, the hypothesis can be raised that -more specifically than social class, as suggested in 1985 by Markowe et al. [17] -fibrinogen might be a possible link between straining working conditions: the simultaneous perception of low job control and high psychological demands leading to strain at work, and CHD. Concerning gender differences in psychosocial determinants of fibrinogen as well as concerning assessment methods of job stress, further research is needed.
